The relationship between the volume of local anaesthetic injected for spinal anaesthesia and the final level of block is not clear. There has been general acceptance that with plain (non-glucosecontaining) solutions larger volumes, irrespective of concentration or baricity, enhance spread of analgesia [1, 2] . However, more recent studies of plain solutions in which the total dose was kept constant and only the volume and concentration changed, do not support this view [3] [4] [5] [6] . Similar comparative studies have not been performed in pregnant patients, but it has been observed [7] that 0.125 % plain bupivacaine 10 ml (with adrenaline 1:800000) produces spinal blocks similar to those achieved with 2.5 ml of the 0.5% bupivacaine solution [8] . Furthermore, in a study of spinal infusions in pregnancy [9] , final levels of block were similar with volumes and concentrations ranging from 3 ml of 0.5 % to 18 ml of 0.083% plain bupivacaine (bupivacaine 15 mg).
The relationship between the volume of local anaesthetic injected for spinal anaesthesia and the final level of block is not clear. There has been general acceptance that with plain (non-glucosecontaining) solutions larger volumes, irrespective of concentration or baricity, enhance spread of analgesia [1, 2] . However, more recent studies of plain solutions in which the total dose was kept constant and only the volume and concentration changed, do not support this view [3] [4] [5] [6] . Similar comparative studies have not been performed in pregnant patients, but it has been observed [7] that 0.125 % plain bupivacaine 10 ml (with adrenaline 1:800000) produces spinal blocks similar to those achieved with 2.5 ml of the 0.5% bupivacaine solution [8] . Furthermore, in a study of spinal infusions in pregnancy [9] , final levels of block were similar with volumes and concentrations ranging from 3 ml of 0.5 % to 18 ml of 0.083% plain bupivacaine (bupivacaine 15 mg).
In the latter study [9] , at the end of the 30-min infusions it was noted that there was wide variation in levels of block, unrelated to the volume infused. When the women were turned to a supine tilted position, lower blocks (T9 and below) extended some 9-10 dermatomes, whereas higher blocks (above T9) only extended by four or five dermatomes.
This differential effect on the spread of high and low blocks by a change in posture could obscure the true effect of different volumes of injection. Thus in order to assess the effects of volume of injection, uninfluenced by posturally induced extension of the levels of block, it was decided to perform a doubleblind comparison of 0.5 % plain bupivacaine 3 ml with 0.125% plain bupivacaine 12 ml and to keep the patients in a lateral position for 30 min after the spinal injection.
PATIENTS AND METHODS
We studied 40 healthy women having elective Caesarean section under spinal anaesthesia. The study was approved by the hospital Ethics Committee and informed consent was obtained from all patients. The patients were allocated randomly to receive one of two subarachnoid solutions: 0.5 % plain bupivacaine 3 ml (Astra Pharmaceuticals, Kings Langley, England) or 0.125% plain bupivacaine 12 ml. The 0.125% solution was made by diluting 0.5 % bupivacaine 3 ml with 0.9 % sodium chloride 9 ml (B. Braun Ltd, Aylesbury, England). The resulting specific gravities of the two solutions were identical (0.999) [data provided by Astra Pharmaceuticals, 1990]. Randomization was achieved by computergenerated codes placed in sealed envelopes and opened after the patient arrived in the anaesthetic room. All spinal anaesthetics were performed by one investigator (I.F. R.) and all assessments of sensory levels were carried out by the other (M. V.), who was not admitted to the anaesthetic room until the spinal tray had been cleared away, when the first mentioned investigator left the anaesthetic room and was not present during the assessment period.
Each patient was premedicated with oral ranitidine 150 mg (at 22:00 the night before surgery and 08:00 on the morning of surgery). Sodium citrate 30 ml (0.3 mol litre" 1 ) was administered orally immediately before surgery. A 16-gauge i.v. cannula was inserted into a vein at the left wrist and Hartmann's solution 1000 ml administered. Additional Hartmann's solution was administered during performance of the block. Non-invasive monitoring of arterial pressure was performed throughout the procedure (Dinamap 1846SX with integral printer; Critikon Inc., Tampa, Florida). Intermittent fetal auscultation was performed until the start of surgery. When surgery commenced, the patients breathed oxygen 4 litre min" 1 via a face mask until the baby was delivered.
A double needle technique was used. With the patient in the right lateral position the extradural space was located at L3-4 with an 18-gauge needle, using a midline approach and loss of resistance to air; the bevel of the extradural needle faced the patient's side. A 110-mm, 26-gauge spinal needle with a Quincke point was passed through the extradural needle such that the bevels were opposed. The spinal injections were made at a rate of 1 ml/5 s. The spinal needle was then removed and an extradural catheter inserted so that 3 cm remained in the extradural space. No injection was made through the catheter at this time. After insertion of the extradural catheter, the patients were allowed to straighten their legs a little to adopt a more comfortable position.
Timing commenced from the start of the spinal injection. The patient was kept on her right side for 30 min while the levels of analgesia and anaesthesia were assessed at 5-min intervals. Analgesia and anaesthesia were defined as follows: analgesia = reduced sensation to pinprick; anaesthesia = complete absence of sensation to pinprick.
After the 30-min assessment, the patients were turned supine and the operating table tilted to a right hip-up position. Further assessments of levels of block were made 2, 5,10, 15, 20, 30 and 60 min later. Surgery proceeded when an adequate anaesthetic level was achieved.
If anaesthesia was insufficient for surgery, a supplementary dose of 2 % lignocaine with adrenaline 1:200000 was administered via the extradural catheter and no further data relating to that patient were used for study purposes.
Ephedrine was used in association with rapid infusion of Hartmann's solution, to treat hypotension.
With the exception of data relating to the patients' physical characteristics, all other data were subjected to non-parametric statistical tests: Mann-Whitney test for inter-group comparisons; the Wilcoxon matched pairs signed rank test for within-group comparisons (for example right side vs left side); the Kolmogorov-Smirnov two-sample test for comparing the variability of data. P < 0.05 was regarded as statistically significant. aesthesia) (figs 1, 2). After 30 min, repositioning to the supine tilted position resulted in a statistically significant increase in levels of block in both groups (figs 1,2). After the patient was turned, the extension of block in the 3-ml group was greater than that in the 12-ml group (P < 0.03 for analgesia and anaesthesia). Within 5 min of turning, there were no clinical or statistical differences between the two groups in analgesic levels and, by 15 min, levels of anaesthesia were similar.
After 10 min with the patient in the lateral position, analgesic levels in the 3-ml group were spread over a wider range than those of the 12-ml group (P < 0.02). This was true also for anaesthesia after 15 min (P < 0.04). This difference in the variability of levels of block between patients in the groups was not present within 5 min of turning.
There was a greater need for extradural anaesthesia in the 3-ml group compared with the 12-ml group (chi-square, P < 0.004) (table II) .
(Full details of levels of block are given for 0.5 % bupivacaine 3 ml in Appendix A (tables III and IV) and for 0.125% bupivacaine 12 ml in Appendix B (tables V and VI).)
While the patients were in the lateral position, the arterial pressure was less in the 12-ml group (P < 0.04). Although eight women in the 12-ml group, compared with three in the 3-ml group, had a transient decrease in systolic arterial pressure greater than 30 % during this period, this difference was not statistically significant (chi-square, P < 0.07).
More ephedrine was required in the 12-ml group, but this was not statistically significant (P < 0.07).
One patient in the 12-ml group had a dural tap with the catheter which was then left in the subarachnoid space. As the spinal anaesthesia behaved as expected, and no drug was injected down the catheter, her results have been included in the analysis. Neither this patient nor any other had a spinal headache. DISCUSSION These results indicate that when pregnant women at term remained on their sides after induction of spinal anaesthesia in the lateral position, the volume of injection played a significant role in the spread of spinal anaesthesia. However, when the patients were repositioned supine on a wedge, differential extension of block levels between high and low blocks resulted in all patients achieving similar final levelsan observation noted previously [9] .
After the patients were turned, enhanced spread in the 3-ml compared with the 12-ml group is unlikely RESULTS Twenty women received 0.5% bupivacaine plain 3 ml and 20 received 0.125% bupivacaine 12 ml. There were no differences between the groups in age, height, weight, body mass index (BMI) or gestation (table I) .
During the first 30 min when the patient was in the lateral position, both analgesia and anaesthesia spread to a significantly greater degree in the 12-ml group (P < 0.02 for analgesia; P < 0.002 for an- to be a result of the drug itself (the density of the two solutions is the same), but rather a result of limited spread of the drug in the lateral position and rostral displacement of CSF from the lower lumbar spinal canal secondary to venous engorgement [10] [11] [12] . The spinal canal is inelastic, and the overall CSF pressure is unaltered by change in posture from lateral to supine [13] . Thus any venous engorgement within the lumbar spinal canal must cause a reciprocal loss of fluid elsewhere within the spinal canal. A possible compensatory mechanism, which could explain the above results, would be movement of CSF from the lumbar region with subsequent displacement of venous blood from the spinal canal above the level of the vena caval occlusion. The further up the spinal canal were that movement, away from the lumbar area, the greater would be the available venous compensation between that point and the level of caval occlusion. Thus local anaesthetic drugs, already mixed with CSF, and extending to the T4 level (in the lateral position) would be affected minimally by translocation of CSF from the lumbar area (after repositioning) because compensatory mechanisms below T4 are able to "absorb" the displaced CSF. However, local anaesthetic mixed with CSF but extending only to the TIO level (in the lateral position) could be carried in a wave of CSF up the spinal canal as far as is required for venous compensation to occur. In this respect, it is of interest to note that mass movement of CSF is not a new idea. While Barker [14] emphasized the influence of gravity on the disposition of "heavy" spinal anaesthetics, he implied that drugs unaffected by gravity could reach the upper thoracic spinal canal "by shifting of the whole column of the cerebro-spinal fluid in which it is suspended upwards". However, such single compartment glass spines cannot simulate mass movement of CSF and are poor models for studying the spread of isobaric or near isobaric drug solutions. As mass movements of CSF could also influence the distribution of truly isobaric solutions and this aspect has never been investigated in detail, it may be premature to suggest that posture has no effect on the spread of isobaric solutions [2, 15] .
More patients in the 3-ml group required extradural anaesthesia and were excluded, suggesting that, compared with the 12-ml group, the density of block was less intense. With the patients in the lateral position, the bupivacaine in the 3-ml group would bathe the cord over a restricted area for 30 min, resulting in a dense block. Because of tissue fixation, less drug would then be available to be carried to the upper spinal canal on repositioning. In the 12-ml group there was a more even spread of local anaesthesia and block levels were already adequate for surgery before the patients were turned.
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